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© Ink filling method and apparatus for ink cartridge. 

© An ink filling method for filling an ink cartridge with ink to be supplied to a r cording head for ejecting ink 
includes providing an ink cartridge having a negative pressure producing material accommodating portion and an 
ink accommodating portion, the negative pressure producing material accommodating portion accommodating a 
negative pressure producing material and being provided with an air vent, and the ink accommodating portion 
being substantially hermetically sealed except for fluid communication with the negativ pressure producing 
mat rial accommodating portion, and accommodating directly the ink to be supplied to the recording head, the 
ink cartridge further includes a partition wall between the negative pressure producing material accommodating 
portion and the ink accommodating portion, the partition wall being provided with a gap for permitting formation 
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of meniscus of the ink; and directly injecting the ink into the ink accommodating portion. 
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FIELD OF THE INVENTION AND RELATED ART 



The present invention relates to an ink tilling method and apparatus for an ink cartridge usable with an 
ink jet apparatus. 

A recording apparatus such as a printer, copying machine, facsimile machine or the like and a 
recording apparatus used as an output apparatus of a combined electronic apparatuses or work station 
including computer, word processor or the like, is constituted such that image is recorded on a recording 
material such as a sheet of paper or plastic material in accordance with image information. The recording 
apparatuses can be classified into an ink jet type, a wire dot type, a thermal type, a laser beam type and so 
on on the basis of recording system. 

In an ink jet type recording apparatus, ink is ejected onto a recording material through recording means 
(recording head). It comprises the following advantages. The recording means can be significantly 
downsized, and fine images can be recorded at a high speed. The recording is possible without particular 
treatment on plain paper. The running cost is low, and the noise is low because it is a non-impact type 
apparatus. In addition, it is easy to effect color image recording use different color inks. 

Among ink jet recording means, an ink jet recording means (recording head) using thermal energy to 
eject the ink is advantageous in that high density liquid paths (ejection outlets) can be easily provided by 
the use of electrothermal transducers, electrodes, liquid passage walls and top plate produced through 
semiconductor manufacturing process including etching, evaporation, sputtering and so on. Therefore 
further downsizing is possible. 

An ink container used with the ink jet recording apparatus is required to supply in good order an 
amount of the ink corresponding to the ejections of the ink through the recording head by the recording 
operation and is required not to leak the ink through the ejection outlets when the recording operation is not 
carried out. 

Additionally, in the case that the ink container is a replaceable or exchangeable type, it is also required 
that the mounting and demounting of the ink container is smooth without ink leakage, thus assurinq the ink 
supply to the recording head. 

As an example of an ink container usable with an ink jet recording apparatus, Japanese Laid-Open 
Patent Application No. 87242/1988 (first prior/art) discloses an ink jet recording cartridge comprising an'^ink 
container, a foamed material therein and a plurality of ink ejection orifices. ' ' 

With such a container, a negative pressure production and ink retention by the capillary force of the 
foamed porous material such as polyurethane foamed material in which ink is contained, are possible so 
that the ink leakage from the container can be prevented. 

However, in the first prior art, the foamed material is required to occupy substantially the entirety of an 
ink containing portion, so that the amount of the ink contained therein is limited, and the amount of the ink 
remaining in the foamed material as non-usable ink is relatively large, and therefore, the ink utilization factor 
is not h.gh. Additionally, detection of the amount of the remaining ink is difficult, and the maintenance of 
constant negative pressure is difficult during the consumption of the ink. 

In the case of the ink cartridge having an ink containing portion into which the foamed material is 
inserted, a corner or corners may be twisted upon the insertion thereof, as the case may be. If this occurs 
the compression distribution of the foamed material is not uniform with the possible result of non-uniform 
distribution in the ink in the ink containing portion. 

In this case, even if a sufficient amount of the ink is still contained, the ink path may be blocked due to 
the non-uniformity of the negative pressure producing performance. If this occurs, the ink may be ejected 
improperly and/or, the ink can be easily leaked out upon impact thereto, due to the concentration of the ink 
adjacent the air vent. Accordingly, high accuracy is required upon the insertion of the foamed material into 
the ink cartridge, thus imposing difficulty on the manufacturing. 

Recently, for the purpose of reducing the running cost, a used-up ink cartridge is refilled with the ink 
As for the method of refilling the ink, U.S. Patents Nos. 4.967,207 and 4,968,998 propose that the pressure 
in the container is reduced through the air vent, and then the ink is injected using a special ink refilling tube 
However, when the ink is injected in this manner, the ink refilling port is disposed away from the 
recording head, and the pressure reduction tends to be insufficient wh n the pump in the apparatus is used 
to reduce the pressur , and therefore, the ink is not uniformly distributed in the porous foamed material with 
the result of difficulty in formation of the ink path communicating with the recording head, after the refilling 
Additionally, when the ink is refilled to the limit of the containing capacity, the ink may be leaked throuqh 
the air vent. M 

Even if an attempt is made to inject the ink through the air vent, the ink flow upon the injection can not 
be controlled with the result that the pressure of the foamed material reaches to the normal operational 
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state before the completion of the ink injection. When the ink continues to be injected to the limit of the 
capacity, the ink injection through the air vent becomes not possible because of the balance of the internal 
pressure of the ink container, or the ink may be discharged with the air through the air vent 

Therefore, tfie refillable amount of the ink is smaller than the initial ink capacity. Because the ink is not 
uniformly d.stributed in the foamed material, there is a possibility that the ink path to the ejection outlets is 
not easily formed upon the start of the recording operation immediately after the refilling, with the result of 
longer time required for the initial operations. 

If an attempt is made to increase the internal capacity of the ink with the injection variation permitted for 
the purpose of preventing the above-described ink leakage, results in bulky container, and therefore, the 
bulky apparatus, against the user's needs. Additionally, the necessity for the sucking device for reducing 
the pressure in the ink cartridge leads to the large size of the recording apparatus and the refilling 
apparatus. 3 

Accordingly, with the structure in which the porous material occupies the entirety of the inside of the ink 
containing portion of an ink cartridge, the ink containing efficiency, that is, the amount of the contained ink 
75 per unit volume, is low. 

As an ink cartridge having a high ink containing efficiency. Japanese Laid-Open Patent Application No 
522/1990 (second prior art) discloses an ink jet recording cartridge in which the porous materials are 
disposed between a first ink container and a second ink container, and between a second ink container and 
an ink jet recording head. 

2b This ink jet recording cartridge, the porous material is not contained in the ink containing portion but it 
is disposed only in the ink passage, by which the ink capacity is larger than that of the first prior art 
Additionally, by the provision of the second ink container, the ink distribution and the air flow are adjusted 
dunng the recording operation or upon temperature rise, thus stabilizing the vacuum in the recording head 
However, in the second prior art, the porous material contains a large amount of the ink since it is 
25 disposed in the ink passage, and therefore, the negative pressure or vacuum by the capillary force of the 
. porous material is not sufficient, when the recording operation is not carried out, with the result that the ink 
; tends to leak through the ejection outlets of the ink jet recording head upon significant impact 

When the ink is refilled in such an ink cartridge as not provided with an air vent, the pressure of the ink 
: cartridge is reduced, and the ink is injected through a port other than the'air vent. 

In this case, the ink container is required to be hermetically closed to maintain the negative pressure of 
the ink cartridge, and therefore, the ink is supplied through the ejection outlets of the recording head with 
the result of long ink supplying period. 

Japanese Patent Applications Nos. 198474/1992 and 198681/1994 propose an ink container particularly 
suitable for ink jet printing from the standpoint of stability of the vacuum which is peculiar to the ink jet 
recording. With this ink container, the ink can be properly supplied corresponding to the amount of the ink 
ejected from the recording head during the printing operation, and simultaneously, the ink leakage through 
the ejection outlets can be properly prevented when the printing operation is not carried out. 

The container fundamentally comprises a first chamber (negative pressure generating material con- 
tainer) accommodating a negative pressure generating material and provided with an air vent and an ink 
supply port for supplying the ink out, and a second chamber (ink container) substantially hermetically 
sealed except for fluid communication with the first chamber and directly containing the ink to be supplied 
to the first chamber. This is particularly effective for an ink jet recording apparatus (this structure will be 
called starting structure"). 

With this structure, the vacuum can be maintained substantially constant almost all of the period from 
the start of use to the end of the head cartridge, and therefore, it can be used for high speed printing. 

In addition, the ink jet recording is used in wide range, for example, facsimile machine or another 
communication field, a large size sheet copying machines, textile printing, as well as usual printer. Because 
of this, a large ink container and ink refilling are desired. 

50 SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present invention to provide an ink filling method for an ink 
cartridge having the above-described starting structure. 

It is another obj ct of the present invention to provide an ink filling method by which the ink can be 
55 quickly filled. 

It is a further object of the present invention to provide an ink filling method in which air bubbles in an 
ink containing portion during the ink filling operation is suppressed, and the hermetically closed ink 
containing portion is substantially completely filled with the ink. 
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taken in conjunction with the accompanying drawings. 
BHiE FDESCRIPTIQN OF THE DRAWINGS 
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Figure 5 is a cross-sedional view of the same ink cartridge 
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Figure 23C is a similar view but when the ink filling is completed 
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Figure 26 illustrates production of bubbles in ink injection step 
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Figure 34 illustrates an ink filling method and apparatus usable with an ink cartridge having a further 
structure, to which the present invention is applicable. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

Figures 1A and 1B are a perspective view and a sectional view of an example of an ink cartridge to 
which the present invention is applicable. 

As shown in these Figures, a main body 1 of the ink cartridge comprises a negative pressure producing 
material accommodating portion 4 and an ink accommodating portion 6. The former is provided with an 
10 opening (ink supply port) 2 for connection with an ink jet recording head and an air vent 10 for introduction 
of ambient air, disposed at a level higher than that of the opening 2, and accommodates a negative 
pressure producing material 3 of a porous material for absorbing and retaining recording ink. The ink 
accommodating portion 6 is disposed adjacent to the material accommodating chamber 4 through a 
partition wall (partition member) 5, and functions to contain the ink. The ink accommodating portion 6 and 
75 the material accommodating portion 4 are in fluid communication with each other through a clearance or 
gap 8 formed between a rib 5 and a bottom surface of the container. The ink accommodating portion 6 is 
provided with a partition plate (reinforcing plate) 16, which bridges between opposite side walls with a 
clearance remaining at the bottom, the clearance being larger than the clearance 8. 

The ink cartridge is provided with an ink injection inlet 7 for permitting supply of ink into the ink 
20 accommodating portion 6. The ink injection inlet 7 is formed in a bottom surface adjacent to the clearance 
8. 

After the ink is injected through the ink injection port 7, it is sealed by proper means. The method of 
injection will be described in detail hereinafter. 

It is possible to refill the ink in the ink accommodating portion through the ink injection port 7. 

25 Figure 2 illustrates the ink cartridge of Figure 1 mounted to a recording head. In Figure 2, the same 
reference numerals as in Figure 1 are assigned to the elements having the corresponding functions. The ink 
injection inlet 7 is sealed by a sealing member 17. The recording head is provided with ejection outlets 25, 
heat generating elements 26 and liquid passages 27 as the elements for ink ejection. In this embodiment, 
thermal energy is produced by the heat generating elements 26 in the liquid passage 27, and a change of 

30 state is caused in the ink by the thermal energy, thus ejecting the ink through an ejection outlet 25 of the 
recording head HD. 

The recording head usable with the ink cartridge to which the present invention is applicable may be 
another type, for example, piezoelectric element type. 

In this embodiment, the ink supply from the ink cartridge to the recording head is permitted by press- 
35 contacting to the negative pressure producing material an ink supply tube 9 having a filter 18 at the end 
thereof in the recording head. 

In consideration of this, it is desirable that the ink is distributed to the neighborhood of the opening 2 of 
the ink cartridge. 

Referring to Figures 3A, 3B and 3C, the description will be made as to an ink supply when the ink 
40 cartridge is connected with the recording head. 

In Figure 3A, the ink supply tube 9 is shown as having been press-contacted to the negative pressure 
producing material 3 through an opening 2 of the cartridge 1. Therefore, the ink jet recording apparatus is in 
an operative state. In this embodiment, the ink supply tube 9 is provided with the filter to remove foreign 
matters in the ink cartridge. 

45 

[Operation] 

When the ink jet recording apparatus is operated, ink is ejected through orifices of the ink jet recording 
head, and as a result, ink absorbing force is produced in the ink container. The absorbing force supplies the 

so ink 21 to the ink jet recording head through the gap 8 between the partition wall 5 and the bottom of the ink 
cartridge 13, the material accommodating portion 4, the negative pressure producing material 3 and the ink 
supply tube 9. By this, the int rnal pressure of the ink accommodating portion 6 which is hermetically 
sealed except for the gap 8 decreased with the result of pressure difference between the ink accommodat- 
ing portion 6 and the negative pressure producing material accommodating portion 4. With the continuing 

55 ejections, the pressure difference continues to increase, but since the material accommodating portion 4 is 
open to the ambience through the air vent 10, the ambient air is introduced into the ink accommodating 
portion 6 through the negative pressure producing material 3 and through the gap 8, as shown in Figure 3B, 
so that the air-liquid exchange occurs. Thus, the pressure difference between the ink accommodating 
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portion 6 and the material accommodating portion 4 is removed. During the ink jet recording operation, this 
is repeated so that a predetermined negative pressure is maintained in the ink cartridge. Substantially of the 
1 ink in the ink accommodating portion 6 can be consumed except for the ink deposited on the wall surface 

of the ink accommodating portion 6, and therefore, the ink utilization factor is improved (Figure 3C). 
5 When the recording operation is not carried out, the capillary force of the negative pressure producing 
material 3 (or the meniscus force at the interface between the ink and the negative pressure producing 
material) is effective to prevent leakage of the ink from the ink jet recording head. 

As described above, the air-liquid exchange is repeated through the gap during the ink supply process. 
Before the introduction of the air into the ink accommodating portion through the gap, a small quantity of 
io the ink is supplied toward the recording head from the material accommodating portion. 

With the decrease of the quantity of the ink in the material accommodating portion, the interface 
between the air and the liquid changes. When a part of the air-liquid interface reaches to the gap, the air is 
introduced into the ink accommodating portion. 

The change of the quantity of the ink retained in the material accommodating portion is influential to the 
75 negative pressure applied to the recording head, and therefore, it is desirable that the air is introduced into 
the ink accommodating portion without lowering of the air-liquid interface during the air-liquid exchange step 
through the gap. 

{ In the following embodiment, the introduction of the air into the ink accommodating portion, that is, the 

air-liquid exchange can be performed with suppressed positional change of the air-liquid interface. 
20 Figures 4, 5 and 6, illustrate this embodiment, Figure 4 is a longitudinal sectional view of the ink 
cartridge body, Figure 5 is a cross-sectional view thereof, and Figure 6 illustrates air-liquid interface 
variation suppressing mechanism, as seen from the material accommodating portion. 

The main body 1 is provided with air introducing grooves 19 and negative pressure producing material 
adjusting portions 20. 

25 The air introducing grooves 19 are formed at the material accommodating portion 4 side and are 
extended from a middle portion of the partition wall 5 to an end of the partition wall 5, that is, to the gap 8. 
Negative pressure producing material adjusting chambers 20 are provided by the partition wall 5 and the 
material 3 itself, adjacent the air introducing grooves 19. The material 3 is contacted to an inner surface of 
the material accommodating portion 4. Therefore, even if the material 3 is inserted non-uniformly, the^ 

30 contact (compression) pressure to the material 3 is partially eased, as shown in Figures 4 and 5. For this 
reason, when the ink is used by the recording head, the ink contained in the material 3 is consumed and is 
reached to the adjusting portion 20. With the continued consumption of the ink, the ink meniscus being 
easily broken by the air at the portion where theicontact pressure is eased by the adjusting portions 20, so 
that the air is introduced smoothly into the grooves 19, thus making the negative pressure control easier. 

35 

[Manufacturing method] 

Referring to Figures 7 and 8, the manufacturing method of an ink cartridge of the above structure will 
be described. 

40 An ink cartridge 12 is molded of polypropylene material and is provided with the negative pressure 
producing material accommodating portion 4, a sponge of polyurethane foamed material or the like as the 
negative pressure producing material 3 for retaining the ink and for producing the negative pressure, is 
inserted. The material may be a sponge like or porous material of fibers or knit. In this embodiment, the 
polyurethane foamed material is used because the negative pressure level can be relatively easily adjusted. 

45 A cover 13 constituting a bottom of the cartridge, from which the sponge is inserted, is fixed by 
ultrasonic wave or high frequency wave by fusing both of the materials, as shown in Figure 8. To facilitate 
this, the materials of the cover and the main body are the same. 

A predetermined quantity of the ink is injected through the ink injection inlet 7 formed in the ink 
accommodating portion 6 of a vacant ink cartridge thus manufactured. 

50 Referring to Figures 9 and 10, an ink cartridge sealing step will be described. 

After the completion of the ink ejection, the opening 2 and the air vent 10 are sealed by proper means 
soon, as shown in Figure 9. Thereafter, an ink supply outlet of an ink supply apparatus is removed from the 
ink injection inlet 7, and then, a spherical plug 17 of plastic material or metal is press-fitted into the ink 
injection inlet 7. 

55 Subsequently, as shown in Figure 10, the opening 2 and th air vent 10 are heat-sealed with a plastic 
resin film 14 having a multi-layer structure including an intermediate layer of evaporated aluminum, by a 
heat fusing machine 22. This is effective to prevent ink leakage and ink evaporation during transportation of 
the ink cartridge. As shown in Figure 11, the ink cartridge is packed, by heat sealing, with a multi-layer 
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packing film 15 of plastic material having printed information at the outside thereof. 

The material of the ink cartridge 1 may be transparent or semi-transparent plastic material such as 
nylon, polyethylene or polypropylene, then, the remaining quantity of the ink can be externally confirmed, 
and therefore, the ink cartridge exchanging timing can be discriminated. 
5 The position of the opening for the ink ejection and the timing of the formation of the opening, are 
determined depending on the method of ink injection. Under the condition that proper injection method is 
usable, the position of the injection opening can be any, and it may be formed upon the injection, or it may 
be formed beforehand, and sealed, in which case, the sealing is removed upon the ink injection. 

In this embodiment, the opening is formed in a wall of the ink accommodating portion adjacent the gap. 
10 The position is determined so that an ink ejection method is usable. The reasons will be described. 

When the ink is injected through a conventional method into an ink cartridge to which the embodiments 
of the present invention are applicable, the ink will be injected through the air vent formed in the material 
accommodating portion or an ink supply port for supplying the ink to the recording head. 

However, the ink injection through the air vent will result in the existence of the ink adjacent the air vent. 
75 Then, an ink path leading to the air vent is easily formed upon pressure increase in the cartridge due to the 
ambient temperature change or the like, and therefore, the ink leakage may easily occur. 

For this reason, the ink injection through the air vent is not preferable for the ink cartridge having the 
starting structure described in the introductory part of this specification. 

On the other hand, the ink injection through an ink supply port involves the following problems. Figure 
20 12 illustrates an ink cartridge to which the present invention is applicable. As described hereinbefore, in 
order to stabilize the negative pressure in the ink cartridge, a gap for permitting ink meniscus formation is 
provided. 

The gap shown in Figure 12 takes a bottom position, when the ink cartridge is mounted on an ink jet 
apparatus. 

25 When the ink is injected through the ink supply port with this position, the ink is first absorbed by the 
negative pressure producing material, and only then, the injected ink reaches the gap. At this time, the ink 
forms a meniscus in the negative pressure producing material of porous material adjacent the gap, and 
therefore, not all of the injected ink is contained in the ink accommodating portion, but the ink is not 
supplied inttHhe ink accommodating portion any more after the ink is accommodated to such an extent that 

30 the gap is filled with the ink. This is because there occurs no air-liquid exchange corresponding to the ink 
injection into the ink accommodating portion, with the result that the ink accommodating portion is 
completely sealed with the air remaining therein. 

Therefore, even if the ink is injected through an ink supply port with the gap taking the bottom position 
as shown in Figure 12, the quantity of the ink supplied into the ink accommodating portion is small, and 

35 therefore, the method is not practical. 

In the case that the ink is injected after the pressure in the ink cartridge is reduced with the state of 
Figure 12, the ink is distributed uniformly also in the material accommodating portion, and therefore, the ink 
reaches the neighborhood of the air vent. 

When the negative pressure producing material is completely filled with the ink, the meniscus formation 

40 in the porous material is not sufficient so that the negative pressure is not sufficient with the result that the 
ink is leaked when the ink cartridge is connected to the recording head. 

In the foregoing, the ink is injected when the gap takes the bottommost position. However, the inventors 
have conceived that the ink is injected while the gap takes the topmost position. In this case, the air-liquid 
exchange is permitted through the gap. 

45 Referring to Figure 13, ink refilling using the above-described method is illustrated. The ink cartridge 
body 1 is placed up side down. An in supply joint 31 is pressed to the opening, and the bellows of an ink 
refilling container 30 are compressed so that the ink is injected into the cartridge. At the first stage, as 
shown in Figure 13A, the ink 21 expands in the negative pressure producing material. When the ink is 
further injected, the ink expands the entirety of the negative pressure producing material 4, until the ink 

so meniscus is formed in the negative pressure producing material at the gap 8, so that the gap 8 is closed. In 
order to supply the ink in the ink accommodating portion 6, the air is required to be discharged through the 
air vent 10 with th entering of the ink into the ink accommodating portion. However, since the gap 8 is 
closed by the ink, the ink do s not enter the ink accommodating portion 6, and the ink is injected into the 
negative pressure producing material only. As shown in Figure 13B, the ink finally leaks through the air vent 

55 10, and is discharged therethrough. Thus, the ink enters the ink accommodating portion only when the ink 
meniscus at the gap 8 is broken, and therefore, the ink filling efficiency is not good. This is not preferable 
from the standpoint of the ink capacity and th ink leakage. 
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As described in the foregoing, it is not impossible to inject the ink from the negative pressure producing 
material accommodating portion (first chamber) without opening an ink refilling port in an ink accommodat- 

1 ing portion (second chamber). However, the ink cartridge to which the present invention is related is 
provided with a fine communicating part, and in the case that the meniscus of the ink is formed in the 

5 communicating part, the second chamber is hermetically sealed, and therefore, even if a space remains in 
the second chamber, the ink injection is no longer possible, with the result that the ink leaks out through the 
air vent of the first chamber. 

As will be understood, it is quite difficult to fill the ink accommodating chamber with the ink by ink 
injection through the above-described opening. 

70 According to an embodiment of the present invention, the ink is supplied first into the ink accommodat- 
ing portion. 

The timing of the ink refilling may be any, but in consideration of the function of the ink cartridge after 
the refilling of the ink, the ink is preferably injected while the ink still remains in the second chamber. The 
reason is as follows. Once the ink path in the porous negative pressure generating material, is once broken, 
75 the reformation of the ink path is difficult. In addition, during the recovery process, a substantia! amount of 
ink is consumed wastefully. Additionally, in consideration of the leakage of the ink remaining in the second 
chamber and the ink refilling efficiency, the refilling is preferably carried out immediately before the ink in 
the second chamber is used up. 

Figure 14 shows a sectional view in which an ink refilling port is opened. The position of the refilling 
20 port may be any, if it is in a wall of the second chamber. However, in consideration of the easiness of the 
ink ejection or the ink leakage through the ink refilling port during reuse in an ink jet recording apparatus, it 
is preferably formed in a top portion of the ink cartridge, as indicated by reference numeral 31a or 31b in 
Figure 14. The number or configuration thereof are not limited. 

Figure 15 shows a state in which the ink 21 has been refilled through one ink refilling port 31a. The ink 
25 refilling can be performed using any proper means. For example, the ink may be sucked by an injector, and 
the ink is injected through the refilling port. Thereafter, the ink refilling port in the second chamber is sealed 
i by a sealing member 41 as shown in Figures 16 and 17, so that the second chamber is sealed. Thus, the 
| ink refilling is completed. Another advantage of this embodiment appears while the ink cartridge is being 
reused. The ink cartridge used in this^embodiment maintains the vacuum (negative pressure) inyhe second 
30 chamber, so that the sealing member 41 for the ink refilling port is strongly attracted to the ink cartridge, 
thus prohibiting the opening of the port. 

The sealing member for the ink refilling port may be of a known materia! such as metal, plastic resin 
material or elastic rubber material. 

Referring to Figures 18 and 19, there are shown other sealing methods for the refilling port. In an 
35 example of Figure 18, the plug is integral with the ink cartridge. This eliminates the necessity of the user to 
drill the injection port and the necessity for preparing a sealing member, and therefore preferable. The 
material thereof is preferably adhesive high polymer such as adhesive material, sticky material or sealing 
material. 

To permit repeated use of the ink cartridge, the sealing member is preferably a sheet with adhesive 

40 material such as an adhesive tape or sealing tape, as shown in Figure 19A. 

In order to permit the repeated reuse and in order to enhance the sealing of the second chamber, the 
sealing member preferably extends onto a side other than the side having the ink refilling port, as shown in 
Figure 19B. Another sealing is usable. 

As described above, the ink refilling port may be formed through known means. 

45 Referring to Figure 20, there is shown an example of means doing this. In Figure 20, there are shown 
an ink cartridge having a second chamber from which the ink is used up, an ink refilling container 30 
containing refilling ink 21 and comprising an ink injection nozzle and bellows, and a tool 32 for forming an 
ink refilling port 33. The ink refilling port is formed in the second chamber, as shown in Figure 21. The 
refilling port is formed using the tool 32 in the form of a pin, a drill or the like, as shown in Figures 22A and 

50 22B. In Figure 22A, the opening 33 is larger than an outer diameter of the ink injection nozzle. In Figure 22, 
two openings 33 each having a diameter equivalent to or slightly smaller than the outer diameter of the ink 
injection nozzle, the one being for injection and the other as an air vent. In either example, the ink can be 
filled in the second chamber in good order, in the ink refilling operation. 

By the use of the ink filling method described above, the ink accommodating portion can be filled with 

55 the ink. In this method, it is preferable that after the gap is filled with the ink, the air in the ink 
accommodating portion is discharged through the ink refilling port. In addition, it is also preferable that the 
ink filling is not limit d in the ink containing portion, but extends into the negativ pressure producing 
material accommodating portion, while forming an air-liquid interface, so as to connect the gap and the ink 
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supply port. 

Then, the ink is injected both into the ink accommodating portion and the material accommodating 
portion. In order to permit expansion of the ink in the negative pressure producing material, a certain period 
is required as contrasted to the ink injection into the ink containing portion. 
5 If the ink injection speed is too high, the ink may overflow through the ink refilling port, and therefore, 
the ink injection speed is determined in consideration of the ink diffusion in the negative pressure producing 
material. Therefore, the ink filling speed can not be so high. 

In the case that the ink overflows through the ink refilling port, the ink is not sufficiently loaded between 
the ink supply port and the gap, frequently. If this occurs, an ink path is possibly not continues between the 
10 ink accommodating portion and the recording head in the material accommodating chamber when the ink 
cartridge is coupled with the recording head. 

A further embodiment will be described, in which the above problem is solved. This embodiment is 
applicable to an ink cartridge having an ink injection port 7 shown in Figure 1 or the like. This method can 
be used for an initial ink filling in a fresh ink cartridge. In the case of refilling, the sealing member for 
15 sealing the ink injection port is removed, by which the refilling is enabled. 

As shown in Figure 23A, in the ink injection in this embodiment, when the ink is injected, the ink 
containing portion 6 takes the bottom position in the manner that the communication gap 8 with the material 
accommodating portion 4 takes the top position in the ink containing portion 6. 

Figure 23A shows an initial stage after the start of the ink 21 injection, which is started after an ink 
20 supply member 51 of an unshown ink injector (not shown) is inserted through an ink injection port 7 of the 
ink cartridge. 

An outer peripheral portion of an end of the ink supply member 51 is of elastic material, and is 
contacted to the ink injection port 26 to seal it. Because the ink cartridge is inclined such that the gap 8 
takes the topmost position, the air in the ink containing portion 6 is easily moved into the material 
25 accommodating portion 4 along the partition wail 5 and the partition plate 16, when the ink is injected. 

When the inside air can be easily moved, the ink cartridge is not necessarily inclined, but may be 
placed with the topmost surface of the ink accommodating portion at the same level as the gap, while the 
ink is injected. : 

/ A By injecting the ink in the above-described manner, thelnk injection can be performed without the air in ^ 

30 the form of bubbles remaining in the ink accommodating portion, at the point of time when the ink is 
injected into the ink accommodating portion 6 is completed, as shown in Figure 23B. By continuing the ink 
injection, the ink can be supplied into the material accommodating portion 4, as shown in Figure 23C. By 
this injection, the presence of the air bubbles in the ink accommodating portion can be prevented, and in 
addition, the presence of the ink in the communication path between the gap 8 and the opening 2 in the 

35 negative pressure producing material accommodating portion 4. Therefore, the stability of the ink supply to 
the recording head is assured. 

When the partition wall 5 is provided with the air introducing groove, an ink meniscus is formed in the 
groove, so that the flow of the ink from the gap along the air introducing groove can be suppressed by a 
certain degree. The suppressing effect promoted by the adjusting chamber which is effective to ease the 

40 compression of the porous material. By this, the ink dispersion to the neighborhood of the air vent is 
prevented so that the ink leakage after the ink filling can be prevented. 

The description will be made as to the configuration around the ink injection port 7. 
In this embodiment, a relationship between a diameter of an ink injection tube and an ink injecting 
speed is taken into account. The investigations have been made to increase the productivity in the ink 

45 injection. The results are as follows. If the inside diameter of the ink supply tube 51 is less than 1 mm, 
foaming occurs as shown in Figure 26 when the ink supply rate is increased in an attempt to increase the 
throughput. Particularly when the inside diameter is approx. 0.5 mm, the foaming is so significant that the 
bubbles are not extinguished even if the communicating gap takes the topmost position during the ink 
injection. Therefore, a significant amount of air bubbles remains in the ink accommodating portion. If the 

so inside diameter is not less than 1 mm, the foaming does not occur so that the ink can be injected stably at 
a rate of approx. 2 cc/sec. 

As regards the diameter of the ink injection port 7 ( it is preferable that it is equivalent to that of the ink 
supply port 51 or larger. In consideration of a safe factor against the foaming, the inside diameter of the ink 
supply tube 51 is 1.5 mm, and the diameter of the ink injection port 7 is 2.5 mm taking into account the 

55 positional accuracy of the ink supply tube 21 and the manufacturing accuracy. By doing so, the preferable 
results are provided. 

In another ink cartridge having the structure, the ink injection is carried out through the same injection 
method, and it has been confirmed that the ink injection is possible without air bubbles in the ink containing 
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• Portion, when the communication gap takes the topmost position 

" iniecXr o?2 ^SXS^VS * - ™* W » h th ° 

Figures 25A and 25B is usable As shoTn 1 p ' C ''°" SP6ed ' 3 h '' 9h Speed in J ectio " ««zle shown in 
5 configuration. AS ^ F ' 9Ure 2bB > the ink S <WV tube end has a particular 

: portion ^ ^^J^T^T * * " ™" 9 

■ the noz Z le is not open, but the flow pa* is b anrh^ J ^ in Which the «P end of 
diameter.of the ink supp.y J 5 1 * ^ottss thaTl mm n ? ^ e ' ther Case " the insid ° 

io is inserted through the b* Section oo« 7 nto 1™'^ ^ not ,ess than 1 * «""•■ The end portion 
injection, the ink Ls along IK^*^ portio " 6 - - d """9 the ink 

speed injection. surrouna.ng walls, so that the foam.ng ,s prevented, while permitting high 

cc/seTiout zi:*;r in Fi9ure 25 is used> the ink can be injected at - <*-■ of 4 

" Z^Z^^^ t0 3fter ^ initia ' Sta " 0f the ink '"iectio, 

«^srs£,r ~i::: — r? portion 6 is fi,,ed with the ink - ,n ^ 

producing material 3, and therefSe ^inkTnSn i^V !"♦, * SUPPHed int0 *• ne9ative P««ure 
the communication gap 8, ^a^ZZTs ZoZT^ M"" * *" " 3 f, ° WS *™* 
» However, most of the ink flows towage ODeZ 2 in ™ 9 ^ ^ Wa " 5 a " d the material 3 " 

| because the air in the material 3 ZZ ^m^on in Z7Z " f^* hk jet recordin 9 head - 

ma ^x a to r r r - air **5^^^5s^ hk f,ow - the ink ^ 

» not supplied to the ^ b oJo6^T^2l I' 1 1 ? 6ffiC,enCy ' S hi9h " ln addition - * k is 
vent 10 can be prevented. ' d theref ° re ' the ,eakaae of the ink trough the air 

P—ed 2^:^ZZ d PrSSSUre ^ 3 SUPP,yi " 9 3PParatUS ' a " d * **" a 

i '^i^X - * ™< 10 « *A Without delay, as " 

ink injection port 7 is plugged S? £2 52^^ - ink ^ * a " d - 

ink ici^;~ Ear r a rt pp r s capab, ° * a ^ - 

Similarly to the foregoing embodiment ,17 nk ' *° th9 ,nk cartnd 9e with simpler structure, 

accommodating portion 6 placed oT a e^ - W «d from the ink 
15 is inserted through the opening 2 and TthrouS V Pm ° St P ° Slt>0n - Then ' an ink SU PP'V tube 

the gap into the ink accommodating p 0S on t Ms ^^«^ 3 and through 
refilling container 30, the ink is directly injSe^ il Z ^T * ,°™ F ' 9Ure ^ Using an ink 

container 30 is provided with a purmSS ^ *L .^ commodat,n 9 Portion 6. The ink refilling 

Figure 27 example. ,e contain^e^ ink ~" 9 ^on 6. £ 

material 4 through the gap 8 a.ong Jpath t^SZZL^^^l^ TT 
opposite direction. If the material 4 contains a nr« a t a J„ T f?J ° r 1,16 recordin 9. but in the 
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also inserted into the negative prenTa^TrnZTZT "J*™ ^ " ™ tube 26 

the smooth air discharge An afrow A? n Finu T S 25? 4 th t09e ? er . With ^ ink SU PP'V **• 45, to permit 
air discharging direction. " a ' Cai8S ,nk ,njection directl "°". and an arrow B is an 
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case, the ink is preferably fined b teen 1 on L„„ 9 accommodatin 9 Portion 6. In such a 
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' of i„t°r ,, i9Uf ,! 27 ' SUPP ' y tUbe iS in the form of a needle - and therefore, when the quantity 
" SSr?* f ^ b9 inj6Cted int ° the mate ' ial «"» 'he i'nk accommoda tg 
2 is eas i v assured WhJn th ? T ' Tf™ " lnk tl0W P3th between the ^ 8 and ttie °P*™9 

tt IIS. 4 ' b6CaUSe ° f ^ WettabiNty ° f ^ needle ' the ink is easily bet Jn Ih^S aS 

a fi a ^? L!! FiQ ? h ^ 3 fUrther embodiment wi » be described in which the ink injection needle 53 has 
■ ,„ ! cro f;^ction. The mk injection needle, as shown in Figure 30B, is inserted between theTnternal waM 
io surface of the materia, accommodating portion 4 and the materia, 3 to project the «at end into »he"nk 
accommodahng port.cn 6, and the ink is injected into the accommodating^ 6 from the inTinjection 

Figures 30B and 30C show the position of the ink cartridge and the ink injection needlP « ri„rin n th= 

15 t mnS";- ^ V"? SimilarlV 10 ^ ,0r690in9 6mb0di " entS ' »» ™ - " C, d n o K 
15 accommodating portion 6 and to between the gap 8 and the opening 2 

th 3t r h J he ; ollowin 9 structure - the ^dion needle 53 can be smoothly and easily inserted. It is preferable 
that the structures of F.gures 28 and 29 are used in this embodiment to improve the ink filling sP^eTS to 

72 or'' 0 " ° f K e J" k ^ " ^ ne9afiV6 Pr9SSUre Produci "9 material accommo SgToln 
,n f„J I T 9 embod,ments ' the '»* 'Action needle 45 and 53 have a straight configuration!,' the 
; 20 following embodiment, the ink injection needle 54 is curved as shown in Figures 31A and 31B 

The curved ink injection needle 54 can be inserted in the manner that the end thereof' is positioned 
determ nL f aC ~ datin 9 P°*» 6 - curvature and the length of the n^le sTmay be 

determ.ned m consideration of the configuration and the size of the ink cartridge 1, so that me end of the 
,nk injecvion needle 54 can be easily placed at a desired position. For example the en oTtte infection 

: Sction"' ^ Pl3Ced be ' 0W ^ ^ *- redUCin9 ^ " *« ~ ££Z£ 

• irJSf A r n l 32B '" UStrate 3 further embodi ™"t. wherein a plurality of ink injection needles can be 
zs L T PP y mk at 3 PlUraN,y ° f P 08 ^" 3 - ,n this embodiment, the ink injection speed can be . 

A 30 S SSSaj - * f - - - - - uniformly injS, so thal A 

^T^H 9 t0 f the embodiments of Fi 9"'es 32A and 32B, the ink injection needles 55a and 55b have 
different rad.us of curvature. The ink injection needles 55a and 55b are separately inserted fnto the same 

ink an H, after *• ° f ^ ^ ini8Ctfon ne9dl9 is reached *• » accLmoSJi g po^L t^ 

ink injection needles 55a and 55b are mounted to joints 55a and 55b of the common ink iniecE device 
35 Then, the ink .s injected through both of the injection needles J 

: other sThas fbTt JST * "•** ^ 573 ° f *» "* "*"*» " eedtes - «-0* a " d *. 

3 H a I he I? i ? eCti °" " eedle 5?b iS elaStiCa " y de f°™able into a straight configuration. There is provided an 
adapter 57c hav.ng an obliquely cut end. Through the adapter 57c. the ink injection need es 57b and 57a 
can be mserted. The two needles 57a and 57b are slidable ill the adapter 57 K c ,njeCt '° n ""^ 57b and 57a 

iniJZ*' th H, ad S W 5 I° iS inSert6d int ° the negative P ressure P rod ^ing material 3 without the ink 
22?i , h 3 < " d 5?b Pr0j6Cted ° Ut> 38 Sh0wn in F, '9 ure 33C " T "en, after the end of the adapter 57c 
Tha ?J "l- COmmunication » * ends of the injection needles 57a and 57b are p^C ouT 

abated TSZZZf* ^ ^ S ° - th9 ink ^ ^ of ~s' 

fn^lnn* 6 S8paration ' tne ink can be distributed uniformly in the ink accommodating portion 6 and the 
foaming can be prevented. Therefore, upon the rejection, the ink can be smoothly supplied 

being!Sd ^ ^ ^ 34B ' ' ^ mb0 * m * ^ te «° M ,n thesa Fiaures - *e ink is 

50 emh^S 9 r° ^ I™* 06 ™*' the ink can be injected in the similar manner as in the foregoing 
embod,ments. for an mk cartridge 1a having a projection plate 23 on a bottom of the ink accommodating 

aro^rf* 0 " ha ! a " ink teaka " Preventin9 function - For exam P'e, the ink cartridge having the ink 
accommodating portion 6 containing one half ink, is kept under 60 °C condition for examX w th ^ 
55 position shown in Figure 34A, the ink evaporates with the result that the nk move? from toe K 
accommodating portion 6 into the material accommodating portion 4 if the ^projection olate PS i! nnt 

vT' d o d » I ^ « onw «^ f><>«™ 4 - «» ad "S. the ink. the SJEfiZtZS he" 
vent 10. By the proton of th plate 23, the evaporated ink is deposited on the surface olTs^cZ 
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plate 23 in the form of dew droplets. The droplets deposited adjacent the gap are gradually sucked through 
the gap 8 by the material 4 by the capillary force. However, because the ink is in the form of droplets, the 
1 movement of the ink can be prevented. 

In this case, the ink injection needle having the configuration described hereinbefore, is not easily 
5 inserted into the ink accommodating portion 6. In this embodiment, the material of the ink injection needle 
58, particularly the end portion thereof, has high elasticity, so that it can be inserted around the projection 
plate 23, as shown in Figure 34A and 34B, so that the ink can be properly supplied. 

As described hereinbefore, according to an aspect of the present invention, the ink can be easily 
supplied into the ink cartridge, and therefore, the ink cartridge can be reused. This reduces the running cost 
w and extend the service life of the ink cartridge body. There is no need of dispose of the used ink container 
body to avoid the environmental problems. 

According to another aspect of the present invention, the ink is injected while the communicating gap 
takes the topmost position in the ink accommodating portion. Therefore, the ink can be injected while 
pushing the air out, so that the ink can be properly supplied to a desired position without foaming of the ink. 
75 Thus, the use efficiency is high. In addition, the ink leakage through the air vent can be prevented. 

According to a further aspect of the present invention, the ink refilling is effected from an ink containing 
portion, and the ink refilling port is sealed by a separate member. By doing so, the ink cartridge can be 
reused while maintaining the function of a fresh ink cartridge, by which the running cost can be reduced, 
and the resources can be saved. 
20 According to a further aspect of the present invention, easy and simple ink refilling means can be 
j provided. 

According to a further aspect of the present invention, the negative pressure is provided with stability, 
and the ink can be filled into a cartridge having a large ink accommodating capacity per unit volume. A high 
quality printing is possible with high performance of the ink cartridge even if it is repeatedly reused. 

25 The inventors have investigated the property of the ink suitably usable with the ink containers of the 

; foregoing embodiments. The preferable ink shows the stability of the air-liquid exchange portion against the 
vibration of the ink, and it is stabilized against the ambient condition change. 

' The description will be made such inks suitably usable with the ink containers of the foregoing 
embodiments. f\ f) 

30 The fundamental structure of the ink includes at least water, coloring material and water-soluble organic 
solvent. The organic solvent is low volatile and low viscosity material having high compatibility with water. 
The following is examples: amides such as dimethylformamide and dimethylacetoamide, ketones such as 
acetone, ethers such as tetrahydrofuran and dioxane, polyalkylene glycols such as polyethylene glycol and 
polypropylene glycol, alkylene glycols such as ethylene glycol, propylene glycol, butylene glycol, 

35 triethylene glycol, thiodiglycol, hexylene glycol and diethylene glycol, lower alkyl ethers of polyhydric 
alcohols such as ethylene glycol methyl ether, diethylene glycol monomethyl ether and triethylene glycol 
monomethyl ether, monohydric alcohols such as ethanol and isopropyl alcohol, and besides, glycerol, 1,2,6- 
hexanetriol, N-methyl-2-pyrrolidone, 1,3-dimethyl-2-imidazoIidinone, triethanolamine, sulfolane and dimethyl 
sulfoxide. No particular limitation is imposed on the content of the water-soluble organic solvent. However, it 

40 may preferably be within a range of from 1 to 80 % by weight. The coloring material usable with this 
invention may be a dye or a pigment. The dye may preferably be water-soluble acid dye, direct color, basic 
dye, reactive dye or the like. The content of the dye is not particularly limited, but 0.1 - 20 % by weight on 
the basis of the ink total weight is preferable. 

Use of surfactant is desirable to adjust the surface tension. Examples of such a surfactant used include 

45 anionic surfactants such as fatty acid salts, higher alcohol sulfuric ester salts, alkylbenzenesulfonates and 
higher alcohol phosphoric ester salts, cationic surfactants such as aliphatic amine salts and quaternary 
ammonium salts, nonionic surfactants such as ethylene oxide adducts of higher alcohols, ethylene oxide 
adducts of alkylphenols, aliphatic ethylene oxide adducts, ethylene oxide adducts of higher alcohol fatty 
acid esters, ethylene oxide adducts of higher alkyl amines, ethylene oxide adducts of fatty acid amides, 

so ethylene oxide adducts of polypropylene glycol, higher alcohol fatty acid esters of polyhydric alcohols and 
alkanolamine fatty acid amides, and amino acid- and betaine-type amphoteric surfactants. No particular 
limitation is imposed on such a surfactant. However, nonionic surfactants such as ethyl ne oxide adducts of 
higher alcohols, ethylene oxide adducts of alkylphenols, ethylene oxide-propylene oxide copolymers, 
ethylene oxide adducts of acetylene glycol are preferably used. Further, it is particularly preferred that the 

55 number of moles of added ethylene oxide in the thylene oxide adducts should be within a range of from 4 
to 20. No particular limitation is imposed on the amount of the surfactant to be added. However, it may 
preferably be within a range of from 0.01 to 10 % by weight. The surface tension may be controlled by the 
above-described water-soluble organic solvent. 
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In addition to the above components, the first liquid may contain additives such as viscosity modifiers, 
pH adjusters, mildewproofing agents or antioxidants, as needed. 

The viscosity of the ink is 1 - 20 cp. The surface tension should be 20 dyne/cm - 55 dyne/cm. Further 
preferably, it is 25 - 50 dyne/cm. If the surface tension of the ink is within this range, it does not occur that 
5 the meniscus of the recording head orifice is broken and but the ink is leaked out from the head orifice 
when the printing operation is not carried out. 

The quantity of the ink contained in the ink cartridge may be properly determined up to the limit of its 
inside volume. In order to maintain the vacuum immediately after the ink cartridge is unpacked, the ink may 
be filled to its limits. However, the quantity of the ink in the vacuum producing material may be lower than 
10 the ink retaining capacity of the vacuum producing material. Here, the ink retaining capacity is the amount 
of the ink capable of being retained in the individual material. 

The inks according to the embodiments of the present invention and the comparison example will be 
described. 

A mixture of water and water-soluble organic solvent is stirred with a dye for four hours, and thereafter, 
75 a surfactant is added thereto. Then, it is passed through a filter to remove foreign matters. 
The following is composition, nature of the ink and the result of record. 



di ethylene glycol 
cyclohexanol 
glycerol 
thiodiglycol 

SURFRON S-145 (fluorinated 
surfactant) 

ACETYLENOL EH {acethylene 
glycol-ethylene oxide adducts) 
dyestuff 
water 

[surface tension] 



Ex.1 



15 % 



2 % 

2.5 % 
f\ rest 
[31 dyne/cm] 



Ex.2 



10 % 
5 % 
0.1 % 



2.5 % 
rest 

[25 dyne/cm] 



Ex.3 



10 % 



5% 



0.2 % 



rest 

[40 dyne/cm] 



Ex.4 



10% 
2% 

5% 



2.5 % 
f rest 



[40 dyne/cm] 



Clear color images have been recorded, and the ink in the cartridge has been used up without trouble, 
for all of Examples 1-4. 





Com p. Ex. 1 


Comp. Ex. 2 


diethylene glycol 


15 % 




glycerol 




5 % 


thiodiglycol 




5% 


SURFLON S-145 (fluorinated 


0.1 % 




surfactant) 






ACETYLENOL EH (acethylene 






glycol-ethylene oxide adducts) 






dyestuff 


2.5 


2.5 % 


water 


rest 


rest 


[surface tension] 


17.6 dyne/cm 


57.4 dyne/cm 




Clear color images has been 


Bleeding has occurred between 




formed. The ink has dropped out 


colors. The ink has dropped out 




from the head by small input. 


from the head by small impact. 



The yellow dye was Acid Yellow 23, th cyan dye was Acid Blue 9, the magenta dye was Acid R d 
289, and the black dye was Direct Black 168. 

The surface tension was m asured at 25 °C through Wilhelmy method. 
55 The following is the surface potential at 20 - 25 °C of typical water-soluble organic solv nts: 

Ethanol (22 dyne/cm), isopropanol (22 dyne/cm), cyclohexanol (34 dyne/cm), glycerin (63 dyne/cm), 
diethyleneglycol (49 dyne/cm), diethyleneglycol monomethylether (35 dyne/cm), triethyleneglycol (35 
dyne/cm), 2-pyrrolidone (47 dyne/cm), N-methylpyrrolidone (41 dyne/cm). 
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The desirable surface tension can be provided by mixture with water. 
The method of controlling the ink surface tension using surfactant will be described. 
' For example, 28 dyne/cm of the surface tension can be provided by addition of 1 % of sorbitan 
monolaurate ester on the basis of water; 35 dyne/cm can be provided by addition of 1 % of polyox- 
5 yethylenesorbitan monolaurate ester; 28 dyne/cm can be provided by addition of not less than 1 % of 
ACETYLENOL EH (acetylene glycol-ethylene oxide adducts). If a lower surface tension is desired, 17 
dyne/cm is provided by addition of 0.1 % of SURFLONS-145 (perfluoroalkylethylene oxide adducts) 
(available from Asahi Glass Kabushiki Kaisha, Japan). The surface tension slightly varies by another 
additives, and therefore, proper adjustment can be done by skilled in the art. 
7b As described in the foregoing, the ink buffer is designed in consideration of the maximum leaking ink 
quantity. It has been found that the ink buffering effect is significantly influenced by the composition of the 
ink. 

The ink for the ink jet recording containing surfactant has been proposed. The ink is advantageous in 
that the fixing property is very good for a copy sheet, bond sheet or another plain paper, that in proper 
75 color mixing (bleed or the like) does not occur even when different color ink recording regions are close in 
the color recording, and therefore, uniform coloring is possible. The following is an example of the 
composition: 
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Ex. 5 


dye 


4 parts 


glycerol 


7.5 parts 


thiodiglycol 


7.5 parts 


acetylene glycol-ethyl oxide adducts (m + n = 10) 


5 parts 


urea 


7.5 parts 


pure water 


68.5 parts 



When such an ink used, the ink does not leak out of the ink cartridge because the ink is absorbed by 
the absorbing material 3 in the ink chamber 4 when the ink is pushed out of the ink chamber 6 into the ink 
chamber 4 due to the expansion of the air in the ink chamber 6 due to the temperature rise or the pressure 
reduction in the atmosphere. In an example of this embodiment, the total height in the ink chamber is 3 cm, 
the ink chamber 4 and the ink chamber 6 have the volume of 6 cc, respectively. At the time of the initial 
stage, the ink chamber 6 is completely filled (6 cc), and the ink chamber 4 containing the compressed 
absorbing material 3 (polyurethane foamed material) contains 4 cc ink (ink total: 10 cc). The porosity of the 
absorbing material is not less than 95 %, and if it is assumed that the ink is completely contained in the all 
of the pores of the absorbing material, the ink chamber 4 is capable of containing approx. 6 cc. 

In the case of Example 5 ink, the surface tension is small (30 dyne/cm 2 ) because of the addition of the 
surfactant, but the wettability between the absorbing material and the ink is improved. By doing so, it is 
more effective to improve the wettability of the ink latter than increasing the surface tension in order to 
improve the permeability. 

The preferable penetrating agents include anion surfactant such as OT type aerosol, sodium dodecyl- 
benzenesulfonate, sodium lauryl sulfate, higher alcohol-ethylene oxide adducts represented by general 
Formula [1], alkylphenol-ethylene oxide adducts represented by general Formula [2], ethylene ox- 
idepropylene oxide copolymer represented by general Formula [3] and acetylene glycol-ethylene oxide 
adducts represented by general Formula [4]. 

The anion surfactant has stronger foam producing tendency, and is poorer in the bleeding, color 
uniformity and feathering or the like than the nonionic surfactant, the following nonionic surfactant 
represented by the following formula is used. 

Here, n is preferably 6-14, and R preferably has 5 - 26 carbon atoms, in Formula [1] and [2]; m + n is 
preferably 6 - 14 in Formulas [3] and [4]. 



R«0-fCH 2 CH 2 0^j-« [ 2 ] 

wh r R is alkyl, 
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70 



75 



20 



25 



30 



R-^^OfCH 2 CH 2 0^ r H [ 2 ] 



5 where R is alkyl, 



CH 3 



H -f CH 2 CH 2 C»5j-f CH-CH 2 0 )^J-R [ 3 ] 



where R is hydrogen or alkyl, 



CH 3 CH 3 jH 3 CH 3 
CH 3 -CH-CH 2 C-C=C-C-CH 2 -CH-CH 3 
O A 

CH 2 CH 2 [4] 
CH, CHn 



where m and n are respectively an integer. 

Among the ethylene oxide nonionic surfactants, acetylene glycol-ethylene oxide adducts are preferable 
from the standpoint of absorption in the ink absorbing material, image quality on the recording material and 

35 ejection performance in total. The hydrophilic property and penetrating property can be controlled by 
changing number m + n of ethylene oxides to be added. If it is smaller than 6, the penetrating property is 
good, water solution nature is not good, and therefore, the solubility in water is not good. If it is too large, 
the hydrophilic property is too strong, and the penetrating property is too small. If it is larger than 14, the 
penetrating property is insufficient, and the ejection property is deteriorated. Therefore it is preferably 6 - 

40 14. 

The amount of the nonionic surfactant is preferably 0.1 - 20 % by weight. If it is lower than 0.1 %, the 
image quality and the penetrating property is not sufficient. If it is larger than 20 %, no improvement is 
expected, and the cost increases, and the reliability decreases. 

One or more of the above described surfactant are usable in combination. 
45 The ink may contain dye, low volatile organic solvent such as polyhydric alcohols to prevent clogging, 
or organic solvent such as alcohols to improve bubble creation stability and fixing property on the recording 
material. 

The water-soluble organic solvents constituting the ink of the embodiment may include polyalkylene 
glycols such as polyethylene glycol, and polypropylene glycol; alkylene glycols having 2 to 6 carbon atoms 

50 such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, 1 ,2,6-hexanetriol, hexylene 
glycol, and diethylene glycol; glycerin; lower alkyl ether of polyhydric alcohols such as ethylene glycol 
methyl ether, diethylene glycol methyl (or ethyl) ether, and triethylene glycol monomethyl (or ethyl) eth r; 
alcohols such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl 
alcohol, t-butyl alcohol, isobutyl alcohol, benzyl alcohol, and cyclohexanol; amides such as dimethylfor- 

55 mamide, and dimethylacetamide; k tones and ketone alcohols such as acetone, and diacetone alcohol; 
ethers such as tetrahydrofuran, and dioxane; and nitrogen-containing cyclics such as N-methyl-2-pyr- 
rolidone, 2-pyrrolidone, 1,3-dimethyl-2-imidazolidinone. 
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i ^d^ 

' <-~^ ejection property and . e clog 

°e iCrS^rS^ « -or ib e d above. Other .dditives may 
adjusting agents such as polyvinyl alcohol cTaZt h ! ach,evable - Tn * additive includes viscosity- 
's as diethanolamine, triethan'o.Line, and b * ^5^2^**!: reSinS "" ""^"-W a « ^ 

chargeable type used for ink-jet recording "I ZSt^^SS^ ^V* ^ T ° the ink of 
' ' S 3 " ,ith r Chl0n ' de " """^ £Z SSS £ ST 3 reSiStiVity -^ ^ent 

herein, it is not 

^ includes providing l^'cart "d » £ J? ^J^^J" * h ° ad ** 

portion and an ink accommodating portion L neS n Ti 9 Pr °, dUCinS mat9rial a «odating 
portion accommodating a negate pres'suTp^ accommodafing 9 
mk accommodating portion being substantially *e™?*cTl^? ^T'™ W ' th a " air vent ' and the 
negative pressure producing material sccoZmo ^TI P ** *" com ™™*™ with the 
supplied to the recording head, the ink 2 furZZ'n aCCOmmodatin 9 Erectly the ink to be 
pressure producing material .ccomnKxwJ^^ ^ ^ nS * ative 

being provided with a gap for permitting formaZ of ^1 S a f° mmodati "3 Portion, the partition wall 
«ie>k accommodating portion 9 ° f ™" FT* ° f the ink; and di «*% injecting the ink into 



Claims 



" £ ImSr" fi,,i " 9 " ^ - " » b ° ™ d to a recording head for ejecting 

accommodating a negative' ^ZXiKT^S^ Tf' aCCOmmoda «"° P°*on 
ink accommodating portion being 80!^?^^^ P ' W '" th *" air V8nt ' and said 
said negative pressure producing ma* T^TZZtoo^ T* ** ** comm ™«°" with 
to be supplied to the recording head, said S? TartSoe f!? aCCOmmodatina di ™% the ink 
negative pressure producing material kS^S^^J"**'^ 3 Partiti °" wa " between said 
partition wal, being provided^ a SS^SSfaSS^ ^ accommodati "9 Potion, said 
directly injecting the ink into said ink * ** ** and 

■ of rssrsc^r* durin9 ink **■ ° p — - ■* — a .»«. 

' iXSSE^ Wherei " * ^ trough an ink injection opening formed in 

' aSn^ opening is sealed by 

& r in « communica- 

inserted through an ink supply port for suoDlvino th« 5 '"if^d wherem said ink injection means is 
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FIG. 3A 




FIG. 3C 
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FIG. 10 
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FIG. 12 
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FIG. ISA 




FIG. I3B 
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FIG. 15 
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FIG. 17 
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FIG. I9B 
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FIG. 21 
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FIG. 23C 



10 

i 



.4 



v8 



6 

16 



.51 





EP 0 640 484 A2 





FIG. 24B 
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FIG. 25B 




FIG. 26 



36 



EP 0 640 484 A2 




FIG. 27 



37 



EP 0 640 484 A2 




EP 0 640 484 A2 




F I G. 30A 



53 8 




3 6 

FIG. 30B 




FIG. 30C 



39 



EP 0 640 484 A2 



8 




FIG. 3IB 



40 



EP 0 640 484 A2 



55b 55a 




FIG. 32B 



41 



EP 0 640 484 A2 




4 3 



F I G. 33A 




FIG. 33B 



57a 57c 




57b 



F I G. 33C 



EP 0 640 484 A2 





43 



DERWENT - ACC - NO: 1995-260612 
DERWENT-WEEK: 199534 

COPYRIGHT 1999 DERWENT INFORMATION LTD 



TITLE: Ink jet printer having pressure absorbing or 
controlling ability - has 

polysulphone resin base with ink supplying groove, ink 
contg. concave portion 

and communicating groove, and has elastic diaphragm 
PATENT-ASSIGNEE: FUJI ELECTRIC CO LTD [ FJIE] 
PRIORITY-DATA: 1993 JP-0315660 (December 16, 1993) 
PATENT- FAMILY: 

PUB-NO PUB-DATE LANGUAGE 

PAGES MAIN- I PC 

JP 07164638 A June 27, 1995 N/A 

004 B41J 002/175 

AP PL I CAT I ON- DATA : 

PUB-NO APPL-DESCRIPTOR APPL-NO 

APPL-DATE 
JP071 A 64638A N/A 

1993^-0315660 December 16, /j>993 

INT-CL_(IPC) : B41J002/175 
ABSTRACTED-PUB-NO: JP07164 638A 

BASIC-ABSTRACT: The base (1) is made of polysulphone 
resin, and the supplying 

groove (la), the concave portion (lb), and communicating 
groove ( lc) are formed 

on the base (1) . The supplying groove (la) is 
communicated with the unshown 

ink supplying passage and the concave portion (lb) is 
used for containing the 

ink. The diaphragm (2) is the elastic film with the 
thickness of 20 to lOOmu 

for absorbing the changed pressure which is made of 
polysulphone resin, where 

the wave-shaped portion (2a) is formed so as to reinforce 
its inherent 

elasticity. Ultraviolet rays are radiated to the base 

(1) and the diaphragm 

(2) before they are bonded by thermal-fusing, so that the 



04/24/2002, EAST Version: 1.03.0002 



wettability with ink 
can be improved. 



USE - Useful in absorbing or controlling the changed 

pressure of ink when the 

ink jet recording head is running. 

ADVANTAGE - This ink jet printer enables the absorption 
or control of changed 

pressure of ink, as well as the stable supply of ink, and 
the cost of making 

this ink jet printer can be reduced. 
CHOSEN-DRAWING: Dwg.1/2 
TITLE-TERMS: 

INK JET PRINT PRESSURE ABSORB CONTROL ABILITY 
POLYSULPHONE RESIN BASE INK 

SUPPLY GROOVE INK CONTAIN CONCAVE PORTION COMMUNICATE 
GROOVE ELASTIC DIAPHRAGM 

DERWENT-CLASS : A97 G05 P75 

CPI-CODES: A05-J06; A12-W07F; G05-F03; 

ENHANCED- POLYMER- INDEX ING : 

Polymer Inde'x [1.1] f\ 

017 ; P1490*R F61 D01 ; S9999 S1285*R ' 
Polymer Index [1.2] 

017 ; ND01 ; Q9999 Q8786 Q8775 ; Q9999 Q7965 Q7885 ; 
N9999 N7023*R 

; N9999 N6166 ; B9999 B5403*R B5276 ; B9999 B5390 
B5276 ; B9999 

B3930*R B3838 B3747 ; B9999 B5243*R B4740 ; K9416 ; 
K9892 / K9869 

K9847 K9790 



SECONDARY-ACC-NO : 

CPI Secondary Accession Numbers: C1995-118554 
Non-CPI Secondary Accession Numbers: N1995-200907 



04/24/2002, EAST Version: 1.03.0002 



1 

s*h yf^twrnvyy^mj >9&&mz ±^ 

Taffl, g^Sfrfcryy^tcis^T. ^'y^i. -fy 
W^^ttr?**-? -£?My 

t J: i> jsttftRB^jR^nasr^xf - >y ? *>*w *7 y 

- TV/?. 

im$m 2 ] jffitU >7 i^x -y HE&^ 7 F t . £ 

imtmiaumts z. v**/ ymmz * & ffittft«!»o 

T^£ftX&&C:k£#afc-tS4y?vx-y h • 7" 

mim3 ] jtff-r * -f y? s;* he#^ * h t , 
mMmmztihmixmt -.K-xa^y^^yy^ 

•Cjiffl, B»Ztit:7Vyfcnm3&Tmtztsvx, yy 

urn k a« ^m^fitim^mtryx^ v?<r> 

fflMmZtiimiJMb -.^-xteXXfyj^yyA, 
3»q!S»»KJ:-3"C»&S<t4*2lSi; ;^-XfcJ:t^ 
^*75A«Drtffl#*y>*ra;Si'l.Si&3lSi: ;*» 

^hit^&Lt-th^y^'J^'yh -y°oy?(7)M 

[0001] 



2) ^^7-1 64638 

2 

< te-f y?fl9&eO££fc#B6;h.M v^'i >y F • 7* 

y y j: v-eo«Bt*ffit»t & . 

[0002] 

m*cD&.m msmt tx. 11^3-54914 #&ts 
*\ ie«^-y v^sskfco&c-f y?immz 

^•y h'«0^fffl#coipa[Jg=fctlcJ; ot.-f V^fiH&Brt 

■cjEE*s»3&«ei tz®$x'i> , **mtk ^mtm 
Sfc^Wytm&.tszKixtb. 

[0003] 

ft. %m)&mmz-?x3r%.Ltz4 yy&i&mmt 

[0004] zwmwMikix 0 tji-inmt. ft* 

teiiK-y H<witfi^)ai6atticjBBt4^ y^E7)^«) 
fflstsfcfcfcfc. t<c>f y?m&m&zit 

30 ftm^iffi^s^y^^'x-yb ■ T-uy^fcj^o 

[0005] 

[WB*)W«fc-f *fc»<0#S3 If *J* 1 1«* y 9 S J 

Y-k. %m^y9^kffM^9'ym%^ y?m& 
mzX^xm&, S&Sfifcr'J y^Ktsvvt, yyy\° 

vStt-(b^«0fi B J^tt7'7Xf--y^(?y<-X, 

40 co>r y ^ ft^ssco-gii k \m k iw< \ tmimm 
mmmiz x &mmtw&<r>fmw/tTyx*>v ?<n? 
^■^yy^ti\ fmmz£-ox&&2tixtc%>. 

[000 6] mz%2IZfa&4y?isx. vh -TVy-? 
(4. 5©Tt6-f y ^ •/ ME»^-y F fc , ^S<7)>f y 
^^t^raW^y^ft^^ y^ttmici oTJSii. 

50 <0-f y ^ ffittB0)HW t BO* k SrS^ . rtffljWRJ'Wi 



04/24/2002, EAST Version: 1.03.0002 



(3) 

3 

[00 0 7] IU*fl3tffiS A-yfVx. •/}*■ 

wcfcflteWMi. ^y^ffim^-gffccfttoijl-f 

<-x^ axu. j y7&&®<7)-mtw&tzmo$k 10 
ujm&ryxi- v ^«y-f ^7 ? A«*rtBi**«n«sa 

IfMaSftSSSHSfc : ^-xi3<£t/?W-V7 7A/& s 
[0 0 08] aS^fcttM y^'x-yb • 7Vy9 

jttrf i-f J^x •/ MfiUK-y Hi . 

i. Dalai t 0 &*#j£$tifcs*?raHt:r7.*?- ■/ ? «o 

^fflttr^^f- y 7?)^ -V7 5 A05#rtffi36*SOWRB3 
1 00 0 9 ] 

(i, 4 y^'x -y Melius -y Kc7)^tfB#i7)JnM^> ^ 

mn&w&tfmixj y? tcomii&tf^L. jy? 

[00 1 0] fg$JB2fc:«4>f ^xi7h • 7°yy? 

Him^titzbizX^x. *H«o#*M3fcW!Mt$*u 
0H3S^j*S;h.TiSfflfc&«l»U WIJ^S; 40 

5 3 icffis >f y ? >-'x -y h • 7° u y ?<7)Wm-%&X'ii, 
yy>m. zti^ixfmw&y'yx^vyn^-xisx 
vyj^yy^co&ftwtf. ^lxstLT. mtmm 

IWSHSfU %i2TMtLX, \-AtJltf^+75 
Lfc t * . *ff>E1iimti t y4 -V7 7 AOWttS5»t J: 



#GS¥7-1 64 638 

4 

■f y?mv>£%Atf3imZti& . 
[0011] ||^JI4 C^S^y^y'i y 1- ■ 7'U y? 

&ir$ft. oHiijsflBjastiTSttii^fliL. -eoss 

[00 12] 

[Hffi«] cnztfWlKffiM y? i/x -y v ■ ?y yy<r> 
mtWtov^r , HT tH l « itfla 2 L£#£ 
H l {i^fi^co^yv^Wtmill, @2(i 

x -c, £Mttr 7X f - -y ^ co^ 'j ^7 * y^fll* j t> 
to., -^^fiffl < a-c^uffli i at, nag? 

i. Hi«lali. H7SL-C5rvwy^fttt»o4 0. 

leHK-y F fc 4 y^SSt SrO^CSR^rf-^-^o 
**<<l4aa»T. £ti<?34HfflK:. ZZt,Zim^LX%U 

b. 2\$y4 J ?7yk,X\ 20-100 ^mcOU$$rt,*> s 
1 1 n tB^m'&ryxi' v ? -t)V7 1 y 

x-bh, >:«N+77A2ti iaa5ibtfflifr6fl[ 

[00 13] 's-xi tr-^^7 7^2t<i. &£<nm 

t . >f y ^ t ««* & ^®ovSttj« lt y ^ a co 
iiii.tt* I i6i±U, $Wfi<off»*<SSfc:llft*iirifit:*-> 

LX. K-xi t^ J f77A2fc{i^i5*HJ;^TS 
-^§il?>„ 3SM«<?5*mi> ?S« : 185 -230 *C. SdE 
: 10-55 Kg/cm 2 . MEQm&ff3 : 35-180 ^"C. S 

75A2i<o»^<ott. msxmtix, %CDft&m 
Yyw&ztit. znwyfmtzx-ox* 4y?k& 

ix4y?vin*hWx^±tf3&fcti.. 4y?ms<?> 

[00 14] ^-Xl i^-V77A2t{i. MB^m 
1. 152, S3cO#j5D;aigtcJ:oT, 1&$ktLX. S. 

Mmtfyj^yyMzx^xmN., mmzti. L*»t> 
su. iAv^-c(i:ei]^iftM^±* ? iiixi.. *Jt. y^-r 

7 5i2tt. **ii*3&«»tt*to*»4,. «3Mf«|£*j{t 



04/24/2002, EAST Version: 1.03.0002 



(4) 



#PSPF-7 - 1 6 4 6 3 8 



[00 15] 

[»>b««wr] nrata i tffii-f y ? •/ h • r >j y 



WW 1X4 >9b efflti&ififoJL U 4 y 7 $f&o£ 10 

[00 1 6] ff:fcffi2£fli&>f y^'x-y h ■ 7'jy 2 
? , i fcti, 11*^4 IZ&h A y 9 i/x. -v h ■ V U y ? 2 a 



^"rtai* { j}-vyjaa$iii»ci:tJ:oi:, hbkojhm* 
a*«iaits*i. 0H*^ia§*iTj§fflStfttu -t<o 

-f y7^ial»ttM*«y$ix^y^^^ri.ii 

m^ti. *«t£n. jytmwzuz^L, wx 

[HffiwffiMMBHl 

[Hi ] I <T>WRl<z{& h Mtkffln y y> *CDftffl&ffli% 
[1312] POIXWHffiMl 



mm 

vm 

mm® 



[0i] 



1b 




1a 




[H2] 



I 

-i 



-1b 



04/24/2002, EAST Version: 1.03.0002 



